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290a Monday, February 4, 2013in all age groups (ranging from 2-36 months). Taken together, our observa-
tions raise the possibility that Rad acts as one molecular link between elevated
oxidative stress and EC uncoupling in aging fast-twitch muscle. Conversely,
the lack of Rad expression in slow twitch muscle suggests that Rad may
play a role in the disproportionate retention of slow twitch fibers in aged
individuals.
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Impaired Ca-Calmodulin-Dependent Inactivation of CaV 1.2 Contributes
to Loss of SR Ca Release Refractoriness in Mice Lacking Casq2
Dmytro Kryshtal, Bjorn C. Knollmann.
Vanderbilt University, Nashville, TN, USA.
In cardiac muscle, L-type Ca current (CaV 1.2, ICa) induced Ca release from
sarcoplasmic reticulum (SR) is reduced with successively shorter coupling in-
tervals of premature stimuli, a phenomenon known as SR Ca release restitution.
We previously reported that myocytes lacking the SR luminal Ca binding pro-
tein calsequestrin (Casq2 KO) exhibited less SR Ca release restitution and
hence largely lack Ca release refractoriness. Here, we test the hypothesis that
altered CaV 1.2 channel gating contributes to altered SR Ca release restitution
in Casq2 KO myocytes.
Methods and Results: ICa was recorded in voltage-clamped ventricular my-
ocytes isolated from Casq2 KO mice and wild-type (WT) littermates. Cells
were pre-treated with ryanodine (50 mM) and thapsigargin (10 mM) to elimi-
nate SR Ca release. Compared to WT, ICa peak currents were unchanged, but
the inactivation time course was significantly slower in KO myocytes
(tau=157 ms vs. 46 ms in WT, p<0.01). using Ba as a charge carrier abolished
the differences in inactivation, suggesting that the underlying defect lies not in
the voltage-dependent but rather in the Ca-dependent ICa inactivation. Addi-
tion of apo-calmodulin (CaM, 0.35 mg/ml) to highly-buffered (14 mM
EGTA) pipette solution accelerated ICa inactivation in KO myocytes
(tau=52 ms). To test the effect of CaM on ICa restitution, ICa was measured
by applying premature stimuli (S2) at successively shorter S1-S2 coupling in-
tervals after a 1 Hz pacing train (S1). Intracellular dialysis with apo-CaM ren-
dered ICa restitution curves of KO myocytes similar to those obtained in WT
myocytes.
Conclusion: Impaired Ca-dependent inactivation of ICa in Casq2 KO mice can
be reversed by excess apo-CaM, suggesting that impaired Ca-CaM-dependent
inactivation of CaV 1.2 contributes to loss of SR Ca release refractoriness in
Casq2 KO mice.
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Impact of SRCa2DRelease on the Cardiac Action Potential Repolarization
during Postnatal Development
Azade D. Petrosky1, Rafael Mejia-Alvarez2, Ariel L. Escobar1.
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In heart, the excitation-contraction coupling (ECC) mechanism changes from
sarcolemmal Ca2þ diffusion in newborn, to Ca2þ induced Ca2þ release in
adult. This implies different contribution of the sarcoplasmic reticulum
(SR). Since SR Ca2þ release (SRCa) deeply influences sarcolemmal Ca2þ
fluxes, we hypothesized that the differential contribution of the SRCa to
ECC during postnatal development is critical in defining the properties of
AP repolarization in epicardium. Consequently, the AP properties were eval-
uated during postnatal development in correlation with the SRCa contribution
to ECC. To this end, the temperature dependence of the epicardical AP prop-
erties was determined with the local-field fluorescence detection method in in-
tact mouse hearts, with/without SRCa, and at various ages after birth (7h, 1d,
2d, 7d, & AD). Our pharmacological (ryanodineþthapsigargin) and thermo-
dynamic (temperature dependence from 21-37C) studies confirmed that
the SRCa contribution becomes more prominent with development. More im-
portantly, they showed that the impact of SRCa on the AP duration (measured
at 25% & 75% of repolarization; APD25 & APD75) exhibits a biphasic effect.
At day 2, SRCa significantly reduced the APD25 & APD75 by 38.7% & 31%,
respectively; while in adult SRCa prolonged the APD75 by 49.7%; with day 7
being a transitional stage with a 44%-shortened APD25 and 25%-lengthened
ADP75. Interestingly, the peak-and-dome AP morphology typical of mouse
ventricular myocytes, became evident only in adult. A possible explanation
for this dual effect on APD is that early after birth, SRCa promotes a Ca2þ-
dependent inactivation of the L-type ICa while in adult, SRCa activates the
Na-Ca exchanger forward mode. Altogether, our results demonstrated that dif-
ferences in SR Ca2þ release during development not only play a different role
in ECC, but greatly impacts plasma membrane excitability as well. Supported
by NIH R01-HL-084487 to AE.1489-Pos Board B381
Atp-Induced Membrane Depolarization Relates to Skeletal Muscle Fibers
Plasticity
Mariana Casas1, Paola Llanos1, Gonzalo Jorquera1, Jorge Hidalgo1,
Sonja Buvinic2, Enrique Jaimovich1.
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In adult muscle fibers, 20 Hz electrical stimulation activates a signaling cascade
that starts with Cav1.1 activation, ATP release trough pannexin channels, pu-
rinergic receptors activation and IP3-dependent calcium signals, to finally
lead to gene transcription related to fast to slow muscle fiber type transition.
ATP release plays a key role in this process, being able to activate, in the ab-
sence of electrical stimulation, most of the transcriptional changes observed af-
ter 20 Hz stimulation.
We found that addition of 100-500 mM external ATP induced muscle fiber de-
polarization (reaching membrane potential values of 40 mV to 30 mV) and
that transcriptional changes observed after stimulation of fibers with 30 mM ex-
ternal ATP, were abolished by 25 mM nifedipine, a Cav1.1 inhibitor. In fibers
depolarized to similar membrane potential values with external Kþ, we docu-
mented calcium signals and transcriptional changes similar to those observed
after 20 Hz stimulation. These two events were completely inhibited by the
IP3R blocker Xestospongin B, suggesting that IP3-dependent events are trig-
gered at these membrane depolarization values.
These results suggest that ATP released by muscle fibers after 20 Hz stimula-
tion may activate the signaling pathway leading to transcriptional changes by
inducing small depolarization of muscle cell membrane. This may constitute
either a primary or a reinforcement signal during the muscle plasticity process
we described to occur after 20 Hz electrical stimulation.
ACT1111, FONDECYT 1110467, FONDAP 15010006
1490-Pos Board B382
The Rapid Repolarization of the Action Potential in Twitch Skeletal
Muscle Fibers from Frog is due Almost Entirely to a Calcium-Activated
K Current
Cedric R.H. Lamboley1, Gabor Gyurkovics2, Paul C. Pape2.
1Victoria University Institute of Sport, Excercise and Active Living,
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Action potentials (aps) in cut fibers mounted in a double Vaseline-gap chamber
were generated by short current-clamp pulses superimposed on a holding cur-
rent that maintained the resting potential at90 mV. Ca2þ release from the sar-
coplasmic reticulum (SR) was assessed with either the EGTA/phenol red
method or the SR [Ca2þ] indicator, tetramethylmurexide. In contrast to the
rapid rate of repolarization of the ap with normal SR Ca contents, in the near
absence of Ca, the time course of repolarization was approximately exponential
with an average exponential time constant of 12.5 ms. Removal of K from the
internal and external solutions eliminated the effect of SR Ca2þ release on the
ap indicating that the current is carried by Kþ ions. The time course of total cur-
rent during the repolarization was assessed from the rate of change of voltage.
Taking into account a small Ca-insensitive background current and the relation-
ship between K current and permeability (PK) on voltage using the Goldman-
Hodgkin-Katz equation, the time course of PK is seen to closely match that
of the myoplasmic Ca transient. At physiological SR Ca load, the Ca-
activated K current, denoted IK(Ca), at its peak was ~80% of the total current.
Since almost all of the background current was associated with recharging
the membrane capacitance via the holding current passing through ohmic path-
ways in the cut-fiber preparation, the peak percentage of current responsible for
repolarization in an intact fiber carried by IK(Ca) should be significantly greater
than 90%. While results with voltage-clamp stimulation indicate a complex de-
pendence of IK(Ca) on calcium and voltage similar to that displayed by BKCa
channels, the IK(Ca) current was insensitive to the BKCa channel inhibitor
charybdotoxin.
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Sarcoplasmic Reticulum (SR) Ca2D Depletion Predominantly Contributes
to the Decline of SR Ca2D Release during Long-Lasting Depolarizations in
Skeletal Muscle Fibers
Gaelle Robin, Bruno Allard.
University Lyon 1, Villeurbanne, France.
High amplitude depolarizations of skeletal muscle fibers induce massive SR
Ca2þ release that progressively declines with time and completely annihilates
if depolarization is maintained during several tens of seconds. Several
processes may be involved in the decline of SR Ca2þ release: cytosolic
Ca2þ-dependent closure of SR Ca2þ release channels, voltage-dependent inac-
tivation of SR Ca2þ release channels and SR Ca2þ depletion. This study aimed
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tions of isolated mouse muscle fibers under voltage control by measuring cyto-
solic Ca2þ changes using fura-2 or luminal SR Ca2þ changes using fluo5N in
the presence of 50 mM internal EGTA. Decays of cytosolic Ca2þ signals eli-
cited by 50-s duration depolarizations became more marked and faster with de-
polarization amplitude. Pre-depolarizations of 2-min duration and of increasing
amplitude induced a reduction of voltage-activated cytosolic Ca2þ signals with
a mean voltage of 50 mV inducing half-maximum reduction. A comparable
protocol applied to fibers loaded with fluo5N showed that low voltage depola-
rizing prepulses induced a marked SR Ca2þ depletion that contributed to reduce
a subsequent voltage-activated SR Ca2þ change with a mean voltage of
50 mV inducing half-maximum reduction. Measuring SR Ca2þ changes in re-
sponse to long-lasting depolarizations indicated that SR Ca2þ release channels
inactivated in response to much higher depolarizations with a mean half-
maximum inactivation voltage of 20 mV. Finally, trains of action potential
of 50 s duration produced cytosolic Ca2þ signals that decayed with time,
whereas SR Ca2þ changes did not display any sign of inactivation. These re-
sults indicate that the decline in SR Ca2þ release during long-lasting depolar-
izations mainly results from SR Ca2þ depletion. The work was supported by
AFM, CNRS and University Lyon 1.
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Stromal interaction molecule 1 (STIM1) mediates store-operated Ca2þ entry
(SOCE) in skeletal muscle. However, the direct role(s) of STIM1 in the innate
skeletal muscle event such as the Ca2þ release from the sarcoplasmic reticulum
(SR) for muscle contraction have not been identified. In the present study, wild-
type STIM1 and two STIM1 mutants (the Triple mutant, missing Ca2þ-sensing
residues, and E136X, missing the C-terminus) were over-expressed in mouse
primary skeletal myotubes. The wild-type STIM1 increased SOCE, while nei-
ther mutant had an effect on SOCE. Interestingly, the development of puncta by
endogenous STIM1 and Orai1 was detected without any stimulus during the
differentiation of myoblasts to myotubes, and increased puncta formation
was observed in the triple mutant as well as the wild-type STIM1, suggesting
that, in skeletal muscle, the formation of puncta is part of the differentiation
process and not the necessary and sufficient condition for SOCE. On the other
hand, the Triple mutant, but not E136X, decreased the Ca2þ release from the
SR in response to KCl in a dominant-negative manner without affecting the
SR Ca2þ amount or resting Ca2þ level. STIM1 was co-immunoprecipitated
with the dihydropyridine receptor (DHRP). These results suggest that STIM1
could negatively regulate the Ca2þ release from the SR, possibly via its C-ter-
minal interaction with DHPR.
1493-Pos Board B385
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Ca2D-ATPase 1a (SERCA1a) in Skeletal Muscle
Keon Jin Lee1, Chang Sik Park2, Jin Seok Woo1, Do Han Kim2, Jianjie Ma3,
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Mitsugumin 53 (MG53) is a member of membrane repair system in skeletal
muscle. However, role(s) of MG53 in unique functions of skeletal muscle
has not been addressed althoughMG53 is expressed only in skeletal and cardiac
muscle. In the present study, MG53-binding proteins were searched among
proteins mediating skeletal muscle contraction and relaxation using the binding
assays of various MG53 domains and quadrupole time-of-flight mass spectrom-
etry. MG53 binds to sarcoplasmic reticulum Ca2þ-ATPase 1a (SERCA1a) via
its tripartite motif (TRIM) and PRY domains. The binding was confirmed in
rabbit skeletal muscle and mouse primary skeletal myotubes by co-
immunoprecipitation and immunocytochemistry. MG53 knock-down in mouse
primary skeletal myotubes increased Ca2þ-uptake through SERCA1a (more
than 35%) at micromolar Ca2þ but not at nanomolar Ca2þ, suggesting that
MG53 attenuates SERCA1a activity possibly during skeletal muscle contrac-
tion or relaxation but not during the resting state of skeletal muscle. In-silico
studies suggest that the binding of MG53 to SERCA1a is mediated by unique
ways compared with bindings by other proteins containing TRIM or PRY
domains.1494-Pos Board B386
The Molecular Interactions of Heart Lim Protein (HLP) with RyR2 and
Caveolin-3 is Essential for Effective Ca2D-Induced Ca2D Release in the
Heart
Dong Woo Song1, Kyung-Eun Lee2, Jae Yong Ryu1, Hye Sung Joen2,
Do Han Kim1.
1Gwangju Institute Science and Technology (GIST), Gwangju, Korea,
Republic of, 2Korea Institute of Science and Technology (KIST), Seoul,
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Heart LIM protein (HLP), a member of LIM-only protein family, has been
abundantly detected in cardiac tissues, but its biological functions in the heart
remain elusive. In the present study, using bacterial two hybrid screening and
subsequent protein-protein interaction assays, we found that HLP directly inter-
acts with RyR2 and caveolin-3 in the heart. Confocal and electron microscopy
revealed that the interactions between the proteins are predominantly restricted
to the subsarcolemma region of cardiomyocytes. Furthermore, knockdown of
HLP impaired Ca2þ-induced Ca2þ release without directly affecting SR
Ca2þ load and RyR2 activity. Taken together, our findings demonstrate that
the adaptor function of HLP in the cell surface caveolae region is essential
for efficient excitation-contraction coupling in the heart. (Supported by
‘‘GIST Systems Biology Infrastructure Establishment Grant (2012)’’ and by
‘‘KISTI-KREONET’’).
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Calcium Transients in Muscle Fibers Expressing Voltage-Sensitive
Phosphoinositide Phosphatases
Thomas Loustau1, Claude Legrand2, Christine Berthier2, Yasuchi Okamura3,
Vincent Jacquemond2.
1Univ Lyon 1, Villeurbanne, France, 2Univ Lyon 1, UMR CNRS 5534,
Villeurbanne, France, 3Osaka University, Osaka, Japan.
Phosphoinositides play a role in a variety of cellular signaling processes;
PtdIns(4,5)P2 regulates the function of several types of ion channels in the
plasma membrane and is the source of important second messengers. We tested
the possible role of changes in the PtdIns(4,5)P2 level in E-C coupling and
Ca2þ homeostasis in mouse muscle fibers under voltage-clamp conditions.
Measurements of indo-1 Ca2þ transients in fibers injected with PtdIns(4,5)P2
revealed no significant changes in the voltage-dependence and maximum value
for peak Ca2þ release. We then studied the consequences of the activation of
a voltage-sensitive PtdIns-phosphatase (VSP). Expression of either Ci-VSP
or Dr-VSP was achieved by in vivo electroporation. Confocal images of N-ter-
minally EGFP-tagged Dr-VSP revealed a double-banded pattern of expression
consistent with the triadic region and membrane current measurements from
a depolarized holding potential showed the presence of a charge movement
component consistent with the voltage-sensitive domain active in the t-tubule
membrane. Rhod-2 Ca2þ transients generated by single depolarizing pulses
within the voltage-dependent range of activation of Ca2þ release appeared un-
affected by the presence of either VSP. In order to strongly activate the VSPs,
fibers were depolarized by 10 successive 200 ms-long pulses from 80 mV to
þ80 mV; Ca2þ transients were compared to the ones elicited by an analogous
series of pulses to þ10 mV: on average, in control and Ci-VSP-positive fibers,
the value for peak Ca2þ transient in response to the 10th pulse to þ80 mV was
945 7 % (n=9) and 725 6 % (n=7) the value in response to the corresponding
pulse to þ10 mV, respectively. The significant depression in Ci-VSP express-
ing fibers may be indicative that depletion of t-tubule PtdIns(4,5)P2 can affect
voltage-activated Ca2þ release. The work was supported by AFM, CNRS and
Universite´ Claude Bernard.
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Return of Myoplasmic Calcium (Ca) to Resting Levels following
Stimulation of Fast- and Slow-Twitch Mouse Muscle Fibers
Stephen Hollingworth, Stephen M. Baylor.
University of Pennsylvania, Philadelphia, PA, USA.
To study the processes underlying the relaxation and recovery of skeletal
muscle, we have used the high affinity fluorescent Ca indicators fluo-3 and
fluo-4 to measure Ca transients in fibers from mouse fast-twitch (EDL) and
slow-twitch (soleus) muscles (16 oC). Single fibers on the surface of small
bundles of fibers were injected with indicator, and fluorescence changes
(DF) were recorded for up to 60 s following a single action potential (AP).
The full-duration at half-maximum (FDHM) of DF and the early decay
time constant from 50% peak DF were larger in slow-twitch than in fast-
twitch fibers (~220 and ~320 ms, respectively, vs. ~50 and ~70 ms). These
findings are consistent with the larger FDHM of the Ca transient in slow-
twitch fibers (Baylor and Hollingworth, J. Physiol., 2003). Interestingly, on
